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This manual is published as part of a Forest Service program to improve aerial application of 
insecticides, specifically by using insecticides and delivery systems tailored to the forest 
environment. The program is being conducted jointly by the Equipment Development 
Center, Missoula, Mont., and Methods Application Group, Davis, Calif., under the sponsor- 
ship of the Forest Insect and Disease Management Staff. Information or questions regarding 
this work should be directed to: 


WO-FIDM 

Methods Application Group 
2810 Chiles Road 

Davis, Calif. 95616 


A report on Equipment Development and Test Project 7069, Characterization of Small 
Spray Aircraft funded by the Forest Insect and Disease Management Staff. 


PESTICIDE PRECAUTIONARY STATEMENT 


This publication reports research involving pesticides. It does not contain 
recommendations for their use, nor does it imply that the uses discussed here 
have been registered. All uses of pesticides must be registered by appropriate 
State and/or Federal agencies before they can be recommended. 


CAUTION: Pesticides can be injurious to humans, domestic animals, 
desirable plants, and fish or other wildlife — if they are not handled or 
applied properly. Use all pesticides selectively and carefully. Follow 


recommended practices for the disposal of surplus pesticides and pesticide 
containers. 
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ABSTRACT 


Rapid assessment of spray deposits on sampling cards to determine 
the effective application rate is essential to the efficient use of 
aircraft in forest spray operations. The purpose of the study described 
in this report was to develop an objective field estimation procedure 
for determining the mass deposited on sample cards. The approach was 
to use data from previous spray trials to obtain statistical relation- 
ships of the mass median drop diameter and number of drops contained 
on sample cards to the mass deposited on the cards for seven spray 
formulations. These relationships are presented in the form of nomo- 
graphs that can be used in the field for rapid assessment of the mass 


deposited on sample cards. 
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SECTION 1 
INTRODUCTION 


1.1 BACKGROUND 


Rapid assessment of spray deposit immediately following spray 
operations is essential to the effective utilization of aircraft in 
forest spray operations. Timely recognition that the spray deposit is 
unsatisfactory (for example, too spotty or of undesired density) allows 
the project director to take appropriate corrective actions, such as 
rescheduling flight operations and requesting adjustments in the flow 
rate or other spray parameters. While objective field procedures have 
been developed for estimating the volume or mass median diameter (MMD) 
and the drop density on spray deposit cards, current field procedures 
for estimating the total mass of spray deposits on cards are highly 
subjective and the results very according to the experience and training 


of the personnel making the estimates. 


During the past five years, the Forest Service has conducted a 
series of forest spray projects in which detailed estimates of spray 
characteristics have been developed from the laboratory analysis of 
spray deposit card data obtained during these projects. The major 
purpose of this study was to use this relatively large body of data to 
develop an objective procedure for the field estimation of spray deposit 


mass from sample card data. 
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1.2 STUDY OBJECTIVES 


The specific objectives of the study were to: 


e Analyze the available spray deposit data from selected forest 
spray projects. From this analysis, determine significant 
statistical relationships among various spray characteristics 


for each type of spray, application technique and equipment 


& Establish a rapid procedure for field use whereby the sta- 
tistical relationships can be used to determine the mass 
deposited on sampling cards expressed in units of ounces per 


acre or gallons per acre 


& Comment on the statistical probability that the relation- 
ships derived from these data can be applied to other spray 


materials 


& Derive a set of tables (or figures) of mass median diameter 
versus the number of drops per square-centimeter for a l- 


gallon application rate 


This technical report describes the approach used in achieving the 


study objectives and the results of the study. 




















 gaver'rar 2 
aan 


[67 one these es Yo ssvizoeltdo abilosge sifl 


ae mori sjab sheousl eeage sids!isva eds sxyisnl 


jeottiiegie entesodah ,abeylont eff mort ‘439910 get 98 


e2 : 3 aqiduno! jal lectjeissza 

} * : { yi pfiqas , s to 1 doas 102 = 
7 le ~ gag ry. % tes? q7ubacd rq 7 ge7 a felidagaa 
r<2ea7 sr > ; il »¢ F sj. 2a) bjals [es zr: eiJ3 
lew ot euqve sabres acliquas m0 batieaqeh 


sise veq enoling 3c 3758 


ai tu: ria tads vebitdedarq isaltciteje of2 no JieemoU 
vetge tad2¢ @3 balleqe 9@ amo agab seeds aori beviszeb eqide 


alalzisem 


resomnth natbes onaw Yo (envugk? to) seldas 20 toe 6 avix90 


-| g: 10 39temijoeo eenepe 73g aqo7h ho sadaun eds auesay a 


: Sten mobtwatiage meliay 
a ~* 


7 
an 


a 
oft qulvetdon ni bees deem 
a 


an 
qqn sitt aed) 





ei, 


1.3 ORGANIZATION OF THE REPORT 


Section 2 of the report contains a description of the approach used 
in the statistical analysis of the sample deposit card data supplied by 
the Forest Service for use in the study. Detailed results of the 
statistical analysis are given in Section 3. The procedure developed 
for use in the field estimation of mass density on spray deposit cards 


is described in Section 4. 
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SECTION 2 
STUDY APPROACH 


In a recent study for the Forest Service (Dumbauld and Rafferty, 
1977), field laboratory techniques were developed for analyzing spray 
deposit cards to determine the mass or volume median diameter (MMD) , 
average mass diameter (AMD), and spray deposit densities in terms of 
mass deposition and drop densities as a means of characterizing the 
spray disseminated by small aircraft. However, the techniques developed 
for field laboratory use require trained personnel and perhaps several 
hours to analyze the sample card data and to obtain a quantitative 
estimate of mass deposition within an aircraft swath. As noted by 
Dumbauld and Rafferty, the D-max method developed by Maksymuik (1964) 
appears to be an effective and rapid field procedure for estimating the 
MMD on a spray deposit card (as well as for the entire swath) and the 
drop density on a card is rather easily estimated in the field. Thus, 
if a significant statistical relationship can be shown to exist between 
the MMD and AMD, then a rapid method of obtaining an objective estimate 


of mass deposit on a card can be defined. 


2.1 THEORETICAL BACKGROUND 


The approach to the development of a rapid field procedure for 
estimation of mass deposit on a card was based on the premise that a 


statistical relationship could be demonstrated between the MMD and AMD 
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on a sample card. This premise appears to be reasonable in view of the 
analytical relationships previously established between the MMD and AMD 
for certain types of drop-size distribution. For example, Herdan (1960, 
p. 82) defines the weight distribution of a log-normal drop-size distri- 


bution by the expression 


x 5/in oo 5 
or i - : 
— 8a (x ee it [sete iies” ys din x (2-1) 
Ww. rd exp —- —f ———____—____— 
a 2 
In nO: 
x ;/inG, 8 
where 
x, = diameter of drop size i 
as weight fraction contained in drops with diameters 
between x_ and x 
al 2 
a> number of drops of size i 
0 = drop density 
a, = volume shape factor equal to unity for spheres 
x = weight geometric standard deviation 
=e = weight geometric mean diameter 


By definition, the expression for the weight geometric mean diameter is 


ln x = “1 _-__+ (2-2) 
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where X'y is, in this report, referred to the mass median diameter 
(MMD). The mean of the third moment of a log-normal drop distribution 
is defined by the expression (Herdan, 1960: p. 83) 
Seer ine 
at i 2 


Ina, = ln| == = In x, +1.5 1n of (2-3) 
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geometric mean diameter 


Q 
i} 


geometric standard deviation 


Inspection of Equation (2-3) shows that the parameter a, is also the 


3) 
third root of the total mass M divided by the total number of drops N, 


such that 


3 1/3 1/3 
Os ne 6M 
i i 


For this reason, we have referred to a, as the average mass diameter 
(AMD). Herdan (1960, p. 84) also defines the relationship between x" 


and x_ as 
g 


ln x =e inex "eo eln ko (2-5) 
8 g 8 
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3 
Equations (2-3) and (2-5) to obtain 


The relationship between a, and ais can be determined by combining 


2 
= ' _ _ 
In a, In x ioe ln O, (2-6) 
or, in our notation, 
In (AMD) = I1n (MMD) - 1.5 iat os (2-7) 


Thus, if a statistical relationship similar to Equation (2-7) can be 
established by analyzing previous spray data, the total mass on a spray 
deposit card can be obtained from Equation (2-4), provided the total 


number of drops N on the card is also estimated. 


The mass distribution curves developed from spray deposit card 
data obtained during previous spray projects are approximately log- 
normal. To determine the statistical relationship between the AMD 
and MMD from these data, we used least-squares regression techniques 


to evaluate the constants a and b in the expression 
In (AMD) = I1n (a) + b 1n (MMD) (2-8) 


from the spray deposit card data supplied by the Forest Service. Having 


determined the constants a and b, we can calculate the ratio of the mass 
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density on a card (expressed in units of gallons per acre) to the drop 
density on a card (expressed in units of drops per square centimeter) 


from the expression 


M (xattons ) 
Mea\Pacre 


acre f= 5.598 x 107? 
D (4) 


a>(MMD) 2P (2-9) 
2 


cm 
where the units of MMD are micrometers. Therefore, if the MMD on a 
spray deposit card is estimated using the D-max method and the drop 
density D is determined for the card using the field-estimation tech- 
niques described by Dumbauld and Rafferty (1977), the relationship given 


by Equation (2-9) can be used to determine the mass density on the card. 


2.2 STUDY DATA BASE 


Spray deposit card data for 5 Forest Service spray projects were 
supplied to the H. E. Cramer Company for use in the study by FI&DM 
Method Applications Group (MAG), Forest Service, Davis, California. The 
spray formulations used in the projects and references containing 
detailed descriptions of the spray projects are given in Table 2-l. The 
total data set consisted of the spectral counts of stains in 16 size 
categories obtained using an image analyzer (Quantimet 7208) or equi- 


valent) from more than 12,000 Kromekote sample cards. The spectral 


data for each card were punched on computer cards. The spectral drop 
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counts were then analyzed using a version of the ASCAS program sippitea) 
by MAG which we modified to calculate the AMD for each card. The modi- 
fied ASCAS program provided estimates of the AMD, MMD, mass mean di- 
ameter, number median diameter, number mean diameter, and deposition 
density in mass units and drops per square centimeter for each card as 
well as a summary of these estimates for each of the trials in a spray 
project. The drop-distribution information was output to magnetic tape 
so that a permanent record of the spray deposit data would be available 
which could also be used in the least-squares regression analysis. A 
least-squares regression analysis computer program was then adapted for 
calculating the constants a and b in Equation (2-8) and other pertinent 
statistical parameters. The results of the least-squares regression 


analysis are described in Section 3. 
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SECTION 3 
RESULTS OF THE REGRESSION ANALYSIS RELATING THE AMD AND 


MMD ON SAMPLE DEPOSIT CARDS 

The results of the use of least-square regression techniques to 
evaluate the constants a and b in Equation (2-8) relating the AMD and 
MMD on sample deposit cards are summarized in Table 3-1. The results 
shown in Table 3-1 are arranged first by spray formulation, second by 
spray project and then according to the area in which the spray deposit 
cards were placed for sampling purposes. iil), for example, was 
sprayed in both the 1975 and 1976 Region 1 Pilot Projects. Inspection 
of Table 2-1 shows the exact spray formulations were different for the 
two projects. For this reason, we ran the regression analysis program 
for the open areas and for all sampling cards used in each of the spray 
projects. It should be noted that the constants a and b calculated for 
the open areas and for all cards in the 1975 Region 1 Pilot Project 
cee trials are significantly different at the 95-percent confidence 
level from the comparable constants a and b calculated for the 1976 
Region 1 bylox®) trials. However, because we wish to obtain a general 
relationship for all pee) trials, we combined the data from the 1975 
and 1976 Region 1 Pilot Projects. The combined results of the regres- 
sion analysis are also shown in Table 3-1 for sample deposit cards 
placed at the drip-line of trees, on a sampling grid within the forest, 
and downwind from the spray block (drift), as well as for cards in open 


areas and for all sample cards. 
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A similar separate regression analysis was performed for sampler 
deposit cards for Bacillus thuringiensis (BT) spray trials conducted in 
the 1973 Pine Butterfly Test and 1975 Region 1 Pilot Project. Inspec- 
tion of Table 2-1 shows the formulations were essentially similar, but 
only half the source strength of DIPEL we® was used in three of the 
trials in the Pine Butterfly Test. Values of the constant a (intercept) 
for the open cards and all cards in the Pine Butterfly Test are signifi- 
cantly different from the comparable value of a for the 1975 Region 1 
Pilot Project at the 95-percent confidence level. However, the values 
of b (slope) for the two projects are not significantly different. The 
results obtained by combining the sample card data from the two projects 
are also shown in the table. The spray area defined in the table as 
"cross" identifies sample deposit cards laid across the block. Some 
spray deposit cards in this group are in the open and some are beneath 


trees. 


All other spray formulations were used in only one spray project 
and no comparison can be made between projects. The spray area iden- 
tified by "forest" in the Rennic Creek Trials, where fuel oil was 
sprayed, is actually three sampling rows within the forest. In this 
case, some samplers may be beneath trees or in small openings between 


trees. 
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Inspection of Table 3-1 shows that the correlation coefficients R 
of the regression analyses are, in general, fairly high except for the 
spray formulation of herbicide 2, 4-D. For some reason unknown to us, 
the AMD and MMD for these trials are not highly correlated. A com- 
parison of the regression analysis estimates of the slope and intercept 
for all spray areas with those obtained in the open area for each spray 
formulation is shown in Table 3-2. The results of the regression anal- 
ysis for the open areas were used as a standard since characterization 
of spray aircraft is normally performed using spray deposit cards placed 
in open areas. As shown in Table 3-2, the value of the constant a (in- 
tercept) in the relationship between the AMD and MMD obtained for open 
areas is significantly different from the value calculated for all other 
spray areas, including the value for all cards, at the 95-percent 
confidence level for all spray formulations except Sevin el 
sprayed on "trees''. On the other hand, the value for the constant b 


(slope) is only significantly different in a few cases. 


We have used the values of a and b shown in Table 3-1 to construct 
figures showing the ratio of the mass density on a card to the drop 
density versus the mass median diameter on the card, using Equation 
(2-9) for spray deposit cards in open areas and for all cards. For ex- 
ample, Figure 3-1 shows the ratio of M/D as a function of the MMD on the 
spray deposit card for open areas sprayed with pee) calculated from 


Equation (2-9) and the parameters a and b for open areas from Table 3-1. 
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TABLE 3-2 


COMPARISON OF THE REGRESSION RESULTS FROM VARIOUS 
SPRAY AREAS WITH THOSE IN OPEN AREAS 


Significant Difference at 
Spray the 95-Percent Confidence Level* 


F lati 


pylox® Trees 
Grid 
Drift 

All Cards 


Bacillus Trees 
thuringiensis Grid 
DEE 
Cross 

All Cards 


cae) Trees 
All Cards 


Sevin ae Trees 
Drift 
All Cards 


peeeean Trees 
Drift 
Cross 

All Cards 


Fuel Oil Forest 
All Cards 





* x denotes significant difference at the 95-percent confidence 
interval when compared with the slope and intercept calculated 
from the regression analysis for cards in open areas. 
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The dashed lines represent the 95-percent confidence interval about the 
relationship expressed by Equation (2-9). The mass density on a sample 
card in an open area sprayed with ie) can be estimated from Figure 
3-1 if the MMD and the drop density D on the card are known. Assuming 
that the MMD for a card is 400 micrometers and the drop density on the 


cards is 15 drops per square centimeter, the mass density on the card 


according to Figure 3-1 is 


9.13 x 1077 aaa 15 (=) “ co SN 


drone tens ak SErS 


The confidence intervals shown in Figure 3-1 indicate that the actual 
mass density could be expected to vary between 0.8 and 2.3 gallons per 
acre 95 percent of the time for an MMD of 400 micrometers and drop 
density of 15 drops per square centimeter. Figures similar to Figure 
3-1 for cards in open areas and all cards for the spray formulations in 


Table 3-1 are given in Appendix A. 


22 














- - 4 
Plums Jasotsq-2? of teees2qe7 ssatl beds 
a ) 


¥ - . 
a oT .(8-S) meweupS qd beressqes qideno 


. 
] 
i 


| » 
caso “'xolyt celw beysige so36 ego ns 


1 ao 4 * arneb qorb S03 Sis CM - Bf 7 


) 708 8 7S lemoIsl JO8 ef bcB9 Bb ro? Te bd 


Jemtines smaups 7sq @yoxb ?@! @t 
' 


os 


et 1-E sivgll oe? aah 


: 


oe 





: / j 
—T / ’ ‘ . . 
' aay 5 | ' i wf enol fa: \ - 
' . : - i x ©\800:182 | 4 0 ei. 
‘ , \ iD / 


“ 7 


» i. 
\ “ws\aqosb j 









J 
) Je ajsotbat 1-€ ayugid bf) nwode alsvie3a) -soneblia 





viteg £.5 bos 6.0 neewied orev 03 be2oeqxe sd blues Yileee 


Totjamotote O04 Yo CH ne wo? ewtd sf3 lo Insoagsa 
as > 


i 
i thlimie esmrglht .esteehiass ezeupe x5q eqesh @f 96 
ot anntietroryol youqe fs Tot ebtes Lien hes esets esqo mi ebias 


-’ xthosqqhk a) pavig on 


iL ata 
ae 


_— 






SECTION 4 


FIELD ESTIMATION OF MASS DENSITY ON 
SPRAY DEPOSIT CARDS 


The method outlined below for field estimation of the mass density 
M on spray deposit cards requires that the drop density D and the mass 
median diameter MMD on the card be estimated prior to estimating the 
mass density. Field procedures for obtaining "quick-look" estimates of 
the MMD and D for a spray deposit card have been given by Dumbauld and 
Rafferty (1977) and are similar to the field laboratory procedures 
described by Maksymuik (1978) and Whyte (1978). These "quick-look" 
procedures for field estimation of the MMD and D on a spray deposit card 
are briefly outlined below for convenience. A graphical procedure for 
estimating the mass density on spray deposit cards developed from the 
results of the analysis described in Section 3 is given in Section 4.3. 


Finally, the results of the study are summarized in Section 4.4. 


4.1 ESTIMATION OF THE MASS MEDIAN DIAMETER ON SPRAY DEPOSIT CARDS 


The procedure outlined below is based on the D-max method origi- 
nally suggested by Maksymuik (1964). The procedure requires that the 
user have a measuring magnifier with 100-micrometer divisions for esti- 
mating stain sizes. A battery-operated calculator is useful for con- 
verting stain-sizes to drop-sizes. It is assumed that the stain factor 


has been measured prior to the spray project. The stain factor is the 
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relationship between the drop size before impaction on the sampling card 
and the size of the stain produced by the drop on the card. A typical 


relationship is given by the expression 


DD = ate b(SD) + c(SD)* (4-1) 
where 
DD = drop diameter 
SD . = stain diameter 


and a, b and c are constants determined in the laboratory. 


The D-max method for estimating the MMD is based on inspection of 


the sampling card for large diameter stains. The following procedure is 


recommended: 


(1) Make sure the stains on the card are dry. 


(2) Visually inspect the card and select the largest stain 


appearing on the card. 


(3) Measure the stain diameter to the nearest 50 micrometers 


using the measuring magnifier. 
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(4) 


(5) 


(6) 


(7) 


Select the next four largest stains, measure their size, and 
tabulate the five largest stain diameters in descending order. 
If two or more stains are of the same size, they should be 
measured and included in the sequential tabulation of the five 


largest stains. 


Using the stain factor relationship, convert the stain dia- 


meters to drop diameters. 


The largest drop diameter in the tabulation is used to 
estimate the MMD, provided that the difference in diameter 
between any two successively ordered drops does not exceed 32 
micrometers. If a difference greater than 32 micrometers 
occurs between any of the drops, the drop just below the 32- 
micrometer gap is used in place of the largest. drop in the 


next step. 


The MMD is estimated by dividing the drop diameter selected 
in step (6) by the factor 2.2 if the spray aircraft speed was 
between 80 and 120 miles per hour during spray application, or 


the factor 2.5 if the speed exceeded 120 miles per hour. 
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4.2 ESTIMATION OF THE DROP DENSITY ON SPRAY DEPOSIT CARDS 


The drop density on a spray deposit card is measured using a tem- 


plate of the form shown in Figure 4-1 and a large magnifying or reading 


glass which can be purchased in most variety stores. The template shown 


in the figures is for use with 17 x 1] centimeter Kromerere cards. 


(1) 


(2) 


(3) 


Place the template over the card and fasten the card and 
template to a clipboard. Align the top of the template 


(marked card edge) with the top of the Reamer eae) card. 


Use the large magnifying glass to count the number of stains 
in the small (l-square centimeter) Square in the upper left- 


hand corner. Note the number of stains on scratch paper. 


Continue to the next square moving down the extreme left 
column of squares on the template. Count the stains in the 
Square and add to the number of stains determined for the 
first square (step 2). If the total number of stains exceeds 
100, no more squares need be counted. If the total number of 
stains is 100 or less, continue to count the stains in squares 
until the total number of stains exceeds 100 or until the 


Stains in all squares are counted. 
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FIGURE 4-1. Template for counting of drops on sampler 
cards in the field. Reproduce this card on 
clear film or tracing paper for actual use. 


Al 





(4) Divide the total number of stains by the number of squares 
counted to obtain the drop density D in units of drops per 


Square centimeter. 


4.3 ESTIMATION OF THE MASS DENSITY ON SPRAY DEPOSIT CARDS 


Nomographs have been constructed for field use in the determination 
of the mass density in units of gallons per acre based on Equation (2-5) 
and the results of the regression analysis described in Section 3. For 
example, Figure 4-2 is a nomograph for use in estimating the mass 
density of iee sprayed by an aircraft on spray deposit cards 
placed in open areas. The estimate of mass density is obtained from the 
nomograph by using a straight-edge to draw a line connecting the drop 
density estimate (left-hand scale) for the card obtained by using the 
procedure described in Section 4.2 above. The mass median diameter 
estimate (erentenand scale) for the card is obtained by using the pro- 
cedure described in Section 4.1 above. The mass density in units of 
gallons per acre is then read at the point where the straight line 
intersects the center scale. The example straight line in Figure 4-2 
drawn between an MMD of 400 micrometers and drop density of 15 drops per 
square centimeter indicates a mass density of about 1.4 gallons per acre 


of ee) on the spray deposit card. 


Nomographs for estimating the mass density on spray deposit cards 


in open areas and all areas for the spray formulations involved in this 
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FIGURE 4-2. Nomograph for field estimation of mass 
density (gallons/acre) of Dylox from the 
mass median diameter and drop density (drops/ 
square centimeter) on sample cards in the 
open. 
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study, except for the herbicide 2, 4-D, are given in Appendix B. It 
should be noted that the nomographs can also be used to define the 
relationship between the mass median diameter and drop density for a 


given spray application rate. 


4.4 SUMMARY 


A graphical procedure for obtaining "quick-look" estimates of the 
mass density on oe) spray deposit cards has been developed from 
a least-squares regression analyses of spray characteristics measured on 
spray deposit cards from 5 Forest Service spray projects. In the re- 
gression analysis, relationships were established between the average 
mass diameter and mass median diameter on spray cards placed in open 
areas, beneath tree drip-lines, on sampling grids within the forest and 
in open areas, and downwind from spray blocks. Relationships were 
developed for 7 spray formulations, including al Oh Bacillus thurin- 
giensis, meek Ob Sevin epOe en fuel oil and the herbi- 
cide 2, 4-D. Relatively high correlations were obtained for the rela- 
tionships between the mass median and average mass diameters for all 
spray formulations except the herbicide 2, 4-D. The results of the 
regression analysis indicate there are significant differences in the 
relationships developed for cards used to sample in open areas as com- 
pared to the relationships determined for cards used to sample spray 
deposits beneath the drip-lines of trees and other areas, even for the 


same spray formulation. There are also significant differences at the 
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95-percent confidence level between the results obtained using different 
formulations of the same active ingredient (oye Bs, for example). For 
this reason, it appears that relationships between the average mass and 
mass median diameters derived for a given spray formulation cannot be 
applied to other spray materials with a high degree of confidence, 


pending additional research. 


The results of the regression analysis were used to construct 
nomographs for estimating the mass density in units of gallons per acre 
on sample cards from a knowledge of the estimates of the drop density 
and mass median diameter on the spray deposit card. The nomographs are 
intended for use in performing a preliminary assessment of the mass 
density on sample cards and are not meant as a substitute for the more 
accurate field laboratory assessment of mass deposition. The confidence 
interval bands for the statistical relationships established between the 
average mass and mass median diameters on a spray deposit card (see 
Appendix A) show that the mass density estimates obtained using the 
nomographs are only approximate and should be verified by laboratory 


assessment. 
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APPENDIX A 


This appendix contains figures showing the ratio of mass density 
and drop density versus mass median diameter for sample cards in the 
open and all cards and for the various spray formulations applied in 
the spray projects studied. The dashed lines in the figures repre- 
sent the 95 percent confidence interval about the line of regression 


shown by the solid line. 
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FIGURE A-3. 
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FIGURE A-13. 


Dashed lines represent the 95 percent confidence interval. 
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APPENDIX B 


This appendix contains nomographs for use in estimating the mass 


density on spray deposit cards using estimates of the drop density and 


mass median diameter for the card. Nomographs are given for estimating 


the mass densities of EO Bacillus thuringiensis, aa 
Sevin eo) eee 2) and fuel oil on spray deposit cards in open 


areas and for all cards. 
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FIGURE B-1. Nomograph for field estimation of mass density 
(gallons/acre) of Dylox‘&/from the mass median 
diameter and drop density (drops/square centimeter) 
on sample cards in the open. 
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FIGURE B-2. Nomograph for field estimation of mass density 
(gallons/acre) of Dylox/from the mass median 
diameter and drop density (drops/square centimeter) 
on all sample cards. 
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FIGURE B-3. Nomograph for field estimatio f mass density 
(gallons/acre) of Sevin 4-0i1Y from the mass 
median diameter and drop density (drops/square) 
centimeter) on sample cards in the open. 
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FIGURE B-4. Nomograph for field estimation_of mass density 
(gallons/acre) of Sevin 4-0il\/from the mass 
median diameter and drop density (drops/square 
centimeter) on all sample cards. 


B-5 







hw 2101 #34 240F 
| 2A I AITIMITASD SP 
* -O0! 

oF 

08 

7 OY 

+ O8 





mt peat peemetenn pret —— — —o 
a @ 4A 27 8 O 









v 


te ct te ee te 








eo ee 





1 AttitS RRB 1g9.0lasakses biel? sols 
ave oft mort) £t0-b atyab 16 — 
etpupa\eqeth) etiansb qorb- ten 
sabia. slqmae 
rv 
‘|. 7 v a “an 2. 
a 


-_ 
7 


pierre 
a 







= 








DROPS PER GALLONS MASS MEDIAN 


SQUARE CENTIMETER PER ACRE DIAMETER (um) 
60 = 800 
50 20 ace 

600 
fe) 
40 500 
5 
ots 400 
25 : 
| 300 
20 250 
5 
200 
15 2 
f 150 
fe) 05 
9 100 
8 02 90 
7 
Ol 
e 70 
: 60 
50 
4 
40 
3 
30 
25 
25 
2 20 
15 15 
| 10 


FIGURE B-5. Nomograph for field estimation of mass density 
(gallons/acre) of Bacillus thuringiensis from 


the mass median diameter and drop density (drops/ 
Square centimeter) on sample cards in the open. 
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FIGURE B-6. Nomograph for field estimation of mass density 
(gallons/acre) of Bacillus thuringiensis from 


the mass median diameter and drop density (drops/ 
square centimeter) on all sample cards. 
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Nomaograph for field estimation of-mass 
density (gallons/acre) of Orthene Y/from 
the mass median diameter and drop density 
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in the open. 


B-8 

















: OM ay 
f 17 ™ 
Cm 
.) 
» O~ 
> 
he 
G 
a ‘ 
at 
hd 
a 
‘s - 
° 
Pe e 
Ki a a Jil recat — 
oa 
a 


“ebam. to nolsnaltes bist? rt thes 


gro's) (3) 


viltenob- 
ehrrs slquse mo (saaenhae 
_ =e 





oo 7 
aa ue 
stn ; 





” 


sasfiv30 to (atom anolls 
qorb bee ragamelh optbea 
5 otha 

ta 


sa OU en 
yal - 


a 


se 





.. a 
a 
pe’ 


“3 
a 


he 


im odd 
Ler, 
qe 


- 
rye : 


Aq 2a0Rd ' 
AAITIMITHSD SRAUE 
7 tO 

$0e” 

¢ oS 


—o~ f a 
- : 
? - 


aeeds 
8 


$08 


+ 
af 
- 


, 
© 
v 

Ls} 


_ 


7 


“TH sis dail 

ty 

Vv? 4 7 
ee ev 


© 
wa 


c 


" 


“2 


eatenscinpenp eral ih ie a Bee ten io lied 


’ } 
a 
a 


+? 


a v7 
7 
7 7 





- 


Z 
ad 





















DROPS PER GALLONS MASS MEDIAN 


SQUARE CENTIMETER PER ACRE DIAMETER (pm) 
100 30 + 600 
80 + 500 
70 Te) il 
60 eit. 400 

S ay 
oe 1 300 
40 é q 
+ 250 
| ‘ 
30 ie +20 
+5 i ¢ 
25 i i 
a Pe +150 
| + 
15 Fa it 











fe 
uO ol 


nm 


3,) 


’ 1 7AN®WWOD 
eres a eres tor aa 

a 

Oo Oo 

= Nn 

id oOo nw @ 

on 
a 6 6 56838 








10 





FIGURE B-8. Nomograph for field estimation of mass density 
(gallons/acre) of Orthene from the mass median 
diameter and drop density (drops/square centimeter) 
on all sample cards. 
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FIGURE B-9. Nomograph for field estimation of mass 
density (gallons/acre) of Zectran from 
the mass median diameter and drop density 
(drops/square centimeter) on sample cards 
in the open. 








“a 2ao 
re 


- 


* oe @ 


— 
7 


‘ 





‘ 








ee ee ba pa-gpewinl onset St a a 


7 =m 


ests 
” 






exag Jo aoltemtzas Slel? set ites some 
vost rasS Ys nba agcee «| sep 








i nl. rab a07 bh bot zeazeenLb past bor “s 
sLhiaa elfqase or Creinaisiell Se : supe a0 
: a a : 
So * oo 


: Po 7 


oa fa 


DROPS PER GALLONS MASS MEDIAN 








SQUARE CENTIMETER PER ACRE DIAMETER (um) 
100 16 600 
3 (eee: 
80 Zs 500 
70 5 i 
60 t 400 
50 2 [ 
: 300 
40 + | i 
t t+ 250 
lt 5 ¢ 
30 f ea 200 
20 + . 7 '50 
is + 05 i 
il 100 
iT 02 90 
10 80 
9 Ol 70 
8 
. 60 
6 50 
o 40 
4 





25 
} 20 
a 
1.5 = 2 
ri 
l Te) 














FIGURE B-10. Nomograph for field estimation of mass 
density (gallons/acre) of zectran @®) from 
the mass median diameter and drop density 
(drops/square centimeter) on all sample 
cards. 
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FIGURE B-11. Nomograph for field estimation of mass 
density (gallons/acre) of fuel oil from 
the mass median diameter and drop density 
(drops/square centimeter) on sample cards 
in the open. 
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FIGURE B-12. 


Nomograph for field estimation of mass 
density (gallons/acre) of fuel oil from 
the mass median diameter and drop density 
(drops/square centimeter) on all sample 
cards. 
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